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OBSERVATIONS ON THE REACTIONS OF THE LARVAE OF Ancylostoma
canium AND Ancylostoma braziliense TO VARIOUS DRUGS AND
CHEMICAL COMPOUNDS BASED ON IN VITRO TESTS*
EARL B. RITCHIE, M.D. AND WILLIAM C. KING, M.D.
The high seasonal incidence of creeping eruption in this Gulf Coast area in-
variably includes a number of extensive infections with multiple lesions involving
large cutaneous areas. The therapeutic management of the patients, as brought
out by Kirby-Smith (1) seventeen years ago, still remains a challenge. The use
of ethyl chloride spray is both painful and tedious and the results following the
administration of fuadin and hetrazan have been disappointing.
The following preliminary studies were made to determine the larvacidal
efficacy of various drugs and chemical compounds by in vitro tests.
The larvae of Ancylostoma braziliense and Ancylostoma caninum for this
study were obtained in the following manner. A full grown male cat suspected of
being the source of infection in sporadic cases of creeping eruption was sacri-
ficed. Throughout the mucosa of the upper portion of the small intestine adult
nematodes were found in abundance and identified as A. caninum and A. bra-
ziliense. Fecal material from the lower bowel was cultured in granulated wood
charcoal. When examination revealed the larvae to be in the filariform stage,
they were isolated by passage through a Baermann apparatus. A young cat
proven "clean" by repeated negative stool examinations for hookworm ova was
fed a capsule containing approximately three hundred larvae. The cat was
placed in a clean cage and at the end of three weeks the first positive stool culture
was obtained. Thereafter cultures were made at intervals of seven to ten days,
and there has been an abundant supply of larvae for use in these studies.
The filariform larvae will remain active for several months in a water suspen-
sion, at room temperature, and protected from light. They are covered by an
outer cuticle which may be shed in the soil, in passage through a Baermann
apparatus, or in penetration of the skin. In staining a suspension with Loeffler's
alkaline methylene blue, some larvae stain and others do not. The reason for
this became apparent when it was noted that shed, empty, outer cuticles or
sheaths stained a light blue. Apparently the exsheathed larvae do not take the
stain while those that still retain their outer cuticle do stain. Indeed, it was not
uncommon to see an unstained active larva emerging from its stained sheath.
The majority of larvae tested were exsheathed.
The drugs and chemical compounds used for testing included antibiotics,
steroids, enzymes, antihistaminics and other remedies selected at random as well
as drugs currently recommended for the systemic treatment of creeping eruption.
The concentration of these agents iii many instances was set arbitrarily although
attempts were made at first to use concentrations approximating the estimated
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tissue dosage where the test drug had been used systemically. However, higher
concentrations were later decided upon and these are being reported.
The testing was done in deep-welled, plate glass, microscope slides. The wells
were straight sided and measured 16 mm. in diameter and 3 mm. in depth. The
reactions of the larvae to the various drugs and chemical compounds were ob-
served under a binocular, widefield, dissecting microscope. Recently cultured
larvae suspended in distilled water were used when possible, although in some
instances, tests were done with month old specimens. Using an ordinary eye
dropper, a drop of the suspension was placed in the slide well and a count of the
active larvae was made. The average number per drop was found to be twenty.
Two drops of the chemical solution being tested was added to the well, the slide
was gently shaken and the reactions of the larvae were observed and timed under
the microscope previously described. All tests were carried out in triplicate and
at room temperature. As a control agent, distilled water was used. After re-
peated trials with this agent, about 30 per cent of the larvae were permanently
inactive at the end of three hours. This survival loss in the controls was thought
to be due to the bright light and the heat of the microscope lamp. Both of these
physical factors cause increase in the activity of the larvae.
These suspensions were studied for rapid and complete larvacidal action
within a period of from one to five minutes; a slower but complete larvacidal
action within ninety minutes, and a gradual action over a three-hour period. If
a suspension contained active larvae at the end of this period, the slide was
sealed and re-examined in twenty-four hours.
The accompanying table is a partial list of test agents, concentration used,
and larvacidal activity.
COMMENT
It should be noted that the life span of a filariform larva is governed by many
factors such as temperature, moisture, exposure to light, amount of food stored
during the earlier feeding stage and degree of activity. Anything which stimu-
lates the larva to increased activity will bring about excessive use of stored food
and thereby shorten its life. Some of these factors undoubtedly are involved in
the spontaneous healing of creeping eruption. Young, very active larvae under
optimal conditions may penetrate the skin with ease and burrow rapidly, whereas,
old sluggish larvae may barely have enough energy to penetrate the skin and if
so, soon die.
Quantitative in vitro tests with 6.3 per cent fuadin and 2.5 per cent hetrazan
showed about 10 per cent of larvae active at the end of twenty-four hours. We
have no information on the dosage of these drugs reaching the epidermis in sus-
tained systemic treatment but one would expect larvacidal potency to be
directly related to concentration and with the results given above, a larva within
the epidermis would be little affected.
Among those chemicals having a rapid larvacidal effect, ethyl acetate in
collodion has been used on isolated larval tracts with varying success.
The larvacidal action of the inorganic ammonium salts is probably best ex-
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plained by physical factors rather than a specific toxic effect of ammonia ion
since saturated solutions of sodium chloride and sucrose also show a rapid larva-
cidal action. The cuticular layers of the larvae apparently have the properties of
TABLE
Complete larvacidal action in 5 minutes or less
Acetone (full strength)
Ethyl acetate (full strength)
Ethyl formate (full strength)
Pyridine (full strength)
Ethyl alcohol (95%)
Complete larvacidal action in 30 minutes or less
Ammonium chloride (saturated aqueous)
Ammonium sulphate (saturated aqueous)
Sodium chloride (saturated aqueous)
Sucrose (saturated aqueous)
Complete larvacidal action in 90 minutes or less
Hexylresorcinol (.06% aqueous)
Complete larvacidal action in 3 hours or less
Stibanose (2% aqueous)
Incomplete action in 3 hours
Terramycin (10% aqueous)
Aureomycin (10% aqueous)
Pyribenzamine (1% aqueous)
Urea (saturated aqueous)
Hyaluronidase (75 tru/cc)
Pregnenolone (0.01% aqueous)
Vinegar (full strength)
Incomplete action in 24 hours
(aqueous solutions)
Stibophen (Fuadin 6.3%) Endomycin (10%)
Hetrazan (2.5%) Cupric Sulphate (1%)
Oxophenarsine (0.6%) Sodium perborate (1%)
Quinacrine (1%) Sodium thioglycolate (5%)
Sodium naphuride (1%) Tryptar (1%)
Actidione (1%) Onion Juice (undiluted)
Resorcin (0.1%) Hydroquinone (0.1%)
a semi-permeable membrane. This sets up differences in osmotic pressure and
consequent disintegration of the inner stroma of the organism.
Hexylresorcinol, an effective anthelmintic, has been shown by Trim (2) to
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exert its action by penetration of the cuticle (Ascaris lumbricoides). The rate of
penetration was roughly proportional to the concentration of the drug.
Lawson (3) reported in vitro tests using this compound against the adult pig
ascaris. He found that a 0.1 per cent suspension in sodium chloride killed 100
per cent of the nematodes within two minutes. Clapham (4), using similar con-
centrations, reported in vitro experiments against the larva of Ancylostoma duo-
denale and found complete larvacidal action in thirty minutes. In our experiments,
using 0.06 per cent solution of hexylresorcinol, we found almost complete lar-
vacidal action in thirty minutes. However, in some instances, a few larvae would
show some evidence of feeble viability up to ninety minutes. These variations in
survival times are difficult to explain. However, the following factors were found
to influence the rate of larvacidal action to some degree:
(1) The greater the number of larvae being tested to a given amount of the
compound, the less rapid the larvacidal action.
(2) Lawson (3) has shown that variations in temperature influence anti-
helmintic effect of hexylresorcinol. They reported it took twenty minutes to
kill worms in vitro at 20° C. and only two minutes at 37° C. In our experiments
we found little differences in the rapidity of larvacidal action between 30° C.
and 37° C.
(3) Individual cultures of the larvae, though from the same source, showed
differences in survival rates. This is probably a natural biologic variation. In
quantitative studies by Trim (2, 5), a 50 per cent variation in the amount of
hexyiresorcinol absorbed by identical ascaris nematodes was reported.
Of the compounds tested, hexylresorcinol or closely related compounds, seem
to warrant further study for possible therapeutic use in creeping eruption.
We are aware that the validity of this type of in vitro testing for larvacidal
action of chemical compounds can be questioned in some instances. Hexyl-
resorcinol, for example, is known to rapidly unite with protein material to be-
come a less potent anthelmintic and certain arsenicals must undergo oxidation
changes in vivo before they become effective against parasites. However, for
preliminary screening of large numbers of agents this procedure seems to give a
fairly reliable index of larvacidal action much as the in vitro testing of antibiotics
against various bacteria and anthelmintics against the pig ascaris (6).
Further in vitro studies are in progress, as well as treatment of experimental
infections.
We wish to express our appreciation to Dr. S. Allen Scott, Professor of Epi-
demiology and Medical Statistics and Director, Laboratory of Helminth Re-
search, and his laboratory staff for their aid in identification, isolation, and cul-
ture of these larvae.
The hexyiresorcinol used in these experiments was kindly furnished by Dr.
William E. Askue of Sharpe and Dohme Inc.
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